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TITLE 

THE FACILITATION OF HYPERVDDEO BY AUTOMATIC IR TECHNIQUES 
UTILIZING TEXT EXTRACTED FROM MULTIMEDIA DOCUMENT 
IN RESPONSE TO USER REQUESTS 

CLAIM OF PRIORITY 
[0001] This application is a continuation of application serial number 09/430,597, by the 
same title, filed on October 29, 1999, the entirety of which is hereby incorporated herein by 
reference. 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0002] This application is related to the following applications, all of which are commonly 
owned by the assignee of the instant application: Application Serial No. 09/430,437, filed on 
October 29, 1999; Application Serial No. 09/429,731, now U.S. Patent No. 6,569,206; 
Application Serial No. 09/431,292, now U.S. Patent No. 6,490,580; and Application Serial No. 
09/431,293, now U.S. Patent No. 6,493,707. 

BACKGROUND 

(1) Technical Field 

[0003] This invention relates to techniques for retrieving material on the World Wide Web, 
and more particularly to methods of retrieving Web pages of interest to a user which relate to 
temporal material such as video programming. 

(2) Background of the Invention 

[0004] The Internet, of which the World Wide Web is a part, includes a series of interlinked 
computer networks and servers around the world. Users of one server or network connected to 
the Internet may send information to, or access information on, other networks or servers 
connected to the Internet by the use of various computer programs which allow such access, such 
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as Web browsers. The information is sent to, or received from, a network or server in the form 
of packets of data. 

[0005] The World Wide Web portion of the Internet comprises a subset of interconnected 
Internet sites which may be characterized as including information in a format suitable for 
graphical display on a computer screen. Each site may include one or more separate pages. 
Pages, in turn, may include links to other pages within the site, or to pages in other Web sites, 
facilitating the user's rapid movement from one page or site to another. 

[0006] A number of the sites and pages accessed through the Web may consist entirely of 
"static" displays of text and/or images. These displays may reside on one or more host servers or 
networks, and may be accessed through the Internet for storage and/or display on a remote server 
or network. Other sites or pages may have changing advertisements or other similar material as 
well as "static" displays of text and/or images. 

[0007] There are a number of techniques for permitting a user, while viewing one page or site 
on the Web, to request and be given access to other material that relates to the material being 
viewed, which can be applied when the material being viewed contains static text or image 
displays in whole or in part. 

[0008] In addition to accessing static displays of text and/or images on the Web, it also may 
be possible to access material on the Web which is dynamic or changing. Such material will be 
referred to as "temporal documents" to reflect the fact that, unlike static material, their content as 
made available to or perceived by a user may change with the passage of time. Examples of such 
temporal documents are multimedia material such as video and audio programming, but there are 
other types of temporal documents as well. For example, the text of news bulletins, stock 
quotations such as would be seen on a "ticker tape", or sports scores may be made available; 
material such as this by its nature also may be changing as it is viewed, either because the 
underlying information is changing, or because the information is "scrolled" across the user's 
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monitor, thus appearing as constantly changing with time. Other types of dynamic or changing 
material will also be apparent to one of ordinary skill in the art. 

[0009] Temporal documents may have been previously created and stored on a server for 
later access (such as a movie, or a recording of a previously-occurring sports event) or a temporal 
document may reflect an event that is occurring "live" at the time the temporal document is 
transmitted over the Internet (such as a live news broadcast or sports event, or a stock ticker 
displaying real-time stock transaction information). 

[0010] Whether the temporal document is previously-created or is being accessed live, it is 
useful to have a technique to facilitate a user obtaining material that relates to a portion of the 
temporal document he is viewing or listening to. Because the material is changing, however, 
some of the techniques that may be used to provide access to material that is related to a static 
page being viewed, may not be readily applicable to temporal documents. 

[0011] Some previous methods of providing additional material related to changing content 
such as video programming have relied upon the prior manual choice of other Web documents, 
such as pages or sites, to be associated with particular portions of the video content. Then, when 
a particular portion of the video programming is reached, the related Web page or document may 
automatically be presented to the user, or the user may be informed of the availability of a link to 
the related material, and offered the choice of accessing it. Alternatively, no information about 
related material may be presented until or unless a user indicates interest during a particular 
segment of the video material (as by "clicking" with a mouse, or pressing a button); upon an 
expression of interest, the particular other Web page previously chosen as related to this portion 
of the video material maybe presented to the user. 

[0012] This method of associating related material to a temporal document has drawbacks, 
however. Because it requires the preselection of the associated material, it cannot be utilized 
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with live material, or with material that has not been previously analyzed for the purpose. It also 
may be costly, in that it may require intensive manual manipulation of the multimedia material to 
choose other Web pages to associate with each portion of the video or audio material, and to 
carry out the association. It also may be rigid, in that once the selection is made it may remain 
unchanged regardless of whether other more appropriate related material becomes available. It 
may be both expensive and time-consuming to make changes once links have been established. 
Additionally, this method may offer a very limited choice to the user in that it may not be 
practical to offer a large number of links at each portion of the video or audio material. 

[0013] Thus, there is a need for a method or device for permitting a user to obtain access to 
other material that is related to a portion of a temporal document (such as a video or audio . 
program) being accessed on the Web, where the selection of the related material offered to the 
user is not made in advance, but is done automatically at the time the user expresses an interest in 
obtaining such material Such a method or device makes "hypervideo" a practical concept. 

[0014] One aspect of this need is a need for determining the portion of the temporal 
document about which the user would like to obtain additional information. In the case of a 
"static" display of material as might be presented to the user on a computer monitor, it may be 
possible to have the user indicate the material of interest by using a mouse or other similar 
selection device to maneuver a cursor on the monitor until it is superimposed on the portion of 
the display of interest, and then to "click" on the material of interest. In the case of a changing 
display, such as video, that may not be practical For example, because it may take a certain 
amount of time for the user to decide that he is interested in obtaining additional material, and a 
certain amount of time to maneuver the mouse or other signaling device to indicate interest, the 
expression of interest may be delayed by a certain amount from the actual material in which the 
user is interested. 
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[0015] Another aspect of this need is a need for determining what other material is related to 
the material in which the user has expressed an interest. In the case of a static display which 
includes a display of text, it may be possible to have the user indicate the specific material in 
which he is interested (as by using a mouse to maneuver a cursor to the word or term displayed 
on the screen), and then to use that specific text as the basis of a search query using a 
conventional Web search engine. But in the case of video material, that may not be possible. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] The above-mentioned and other features of the invention will now become apparent 
by reference to the following description taken in connection with the accompanying drawings in 
which: 

[0017] Figure 1 is a schematic diagram of an embodiment of a computer system that may be 
operated according to the present invention. 

[0018] Figure 2 is a diagram illustrating the weight to be assigned to different temporal 
portions of material such as video, based upon a user response at time to, according to one 
embodiment of the present invention. 



5 



Verizon Ref. No. 99-85 1CON2 

[0019] Figure 3 is a diagram illustrating the weight to be assigned to different temporal 
portions of material such as video, based upon a user response at time to, according to another 
embodiment of the present invention. 

[0020] Figure 4 is a diagram illustrating the weight to be assigned to different temporal 
portions of material such as video, based upon a user response at time to, according to a further 
embodiment of the present invention. 

[0021] Figure 5 is a diagram illustrating the weight to be assigned to different temporal 
portions of material such as video, based upon a user response at time to, according to a further 
embodiment of the present invention. 

[0022] Figure 6 illustrates a conventional (prior art) relationship between documents and 
inverted term lists. 

[0023] Figure 7 illustrates conventional (prior art) lookup tables which may be used in 
conjunction with inverted term lists. 

[0024] Figure 8 illustrates a relationship between documents and compressed document 
surrogates 

[0025] Figure 9 is a flow chart which illustrates a process by which a document score may be 
calculated, using compressed document surrogates. 

[0026] Figure 10 is a flow chart which illustrates a process by which a search query may be 
carried out to identify material relating to a portion of a temporal document in which a user has 
expressed an interest, using compressed document surrogates according to the present invention. 
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SUMMARY OF THE INVENTION 



[0027] According to the present invention, finding documents which relate to a portion of a 
temporal document includes (a) in response to a signal of interest at a particular time during the 
temporal document, identifying a portion of the temporal document for which related documents 
are to be found, (b) selecting text associated with the portion of the temporal document 
identified, and (c) finding the related documents by use of information retrieval techniques 
applied to the text selected. The temporal document may be video or audio material. The video 
material may be stored on a video server. The text selected may be determined by the application 
of speech recognition techniques to the audio component of the portion of the temporal document 
identified, or may be the closed-caption text associated with the portion of the temporal 
document identified. The temporal document may include text, which text appearing to the user 
may vary with time, and the text selected may be that portion of the temporal document 
identified. The text may include news bulletins, weather, sports scores or stock transaction or 
pricing information. The related documents may be accessed through the Internet. The related 
documents may be selected from among a collection of documents which may be accessed 
through the Internet, by utilizing databases comprising information about the collection. The 
related documents may be selected from the collection according to the scores achieved when 
evaluating documents in the collection according to a formula giving scores to documents 
depending upon the occurrence in the documents of terms which occur in text associated with the 
portion of the temporal document identified. A predetermined number of documents, 1000, may 
be selected. A score Sd of a document D in the collection may be determined by crediting the 
document D, for each term T in the temporal portion of the document identified which occurs in 
the document D, with an amount proportional to Robertson's term frequency TFjd and to IDF-p 
The determination of the documents in the collection which receive the highest scores may be 
carried out using compressed document surrogates. The determination of the documents in the 
collection which receive the highest scores may be carried out by a server which is distinct from 
the server which receives the signal of interest. 
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DETAILED DESCRIPTION 

[0028] Referring to Figure 1 , a computer system 1 includes a workstation 2 having local 
storage 3. The workstation may also be connected to a local area network 4 and may access to 
the Internet 5. The Internet 5 may include or be coupled to remote storage 6. The workstation 2 
may be any one of a variety of commercially available computers capable of providing the 
functionality described in more detail below. The local storage 3 may include ROM, RAM, a 
hard disk, a CD, or any other media capable of containing data and/or programs for the 
workstation 2 or other data. The local area network 4, which is coupled to and exchanges data 
with the workstation, may also contain data and/or program information for use by the 
workstation 2. The Internet 5 may be accessed in a conventional manner by the workstation 2. 
Alternatively, the workstation 2 may access the Internet 5 through the local area network 4, as 
shown by the dotted line of Figure 1. The remote storage 6 may also contain data and/or program 
information for the workstation 2 or may contain other information, as will become apparent 
from the description below. 

[0029] The system described herein permits a user (utilizing the computer system 1 which 
includes the workstation 2) who has accessed the Internet 5, either directly or through the local 
area network 4, to be given access to other material that is related to a temporal document, such 
as but not limited to video or audio material, the user is accessing. In one embodiment, the 
system includes software written in the Java language, running on a Hewlett Packard server 
connected to the Internet, as well as software written in the C language and in PERL running on 
an SGI 02 server connected to the Internet. Of course, it will be appreciated by one of ordinary 
skill in the art that the system may be implemented using a variety of computers and 
programming languages. 

[0030] The system may be accessed by the user through the Internet 5 from his workstation 2 
using a Web browser of conventional design, as would be familiar to one of ordinary skill in the 
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art. The user then accesses a temporal document. In one embodiment, the temporal document is 
obtained from a collection of temporal documents previously prepared by the system and placed 
in a video library made available through a video server maintained in connection with the 
system. In this embodiment, the user may be permitted to choose the document in any one of a 
number of ways which will be known to one of ordinary skill in the art. The user may be given a 
list of documents which are available, and permitted to choose one, by clicking on it or indicating 
his interest in any one of a number of alternative ways which will be known to one of ordinary 
skill in the art. Alternatively, the user may be invited to search by using search engine or search 
query techniques such as will be familiar to one of ordinary skill in the art. Still other methods to 
permit the user to choose a document from among those in the library will be known to one of 
ordinary skill in the art. The user then may view (or listen to) the temporal document chosen 
through his work station 2 connected to the Internet 5. 

[0031] In another embodiment, the temporal document may be obtained from another source 
on the Web. In this embodiment, the user may be permitted to employ a search engine which is 
maintained as part of the system to find and retrieve a document to the system. The search 
engine employed may be any one of a number of a type which will be familiar to one of ordinary 
skill in the art. The user then may view (or listen to) the temporal document chosen through his 
work station 2 connected to the Internet 5. 

[0032] In another embodiment, the temporal document may be obtained from another source 
on the Web. In this embodiment, the user may be permitted to employ a search engine on his 
work station 2 connected to the Internet 5 to retrieve and view (or listen to) the temporal 
document chosen. The search engine employed may be any one of a number of a type which will 
be familiar to one of ordinary skill in the art. The user then may view (or listen to) the temporal 
document chosen through his work station 2 connected to the Internet 5. 
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[0033] The system utilizes IR (information retrieval) techniques to select the related material 
when interest in having access to such material is indicated. The system analyzes the content of a 
portion of the temporal document as to which the interest has been indicated, rather than pre- 
storing links to material which is determined to be related in advance. 

[0034] The system may be utilized in connection with any material which has a characteristic 
that, when accessed by a user or viewer through the computer system 1 which may include the 
workstation 2, it changes with time. This includes but is not limited to video material and audio 
material, such as movies, news programs, and sports events. It may also include, for example, 
textual news bulletins that are displayed, either alone or superimposed on other content, or stock 
quotations or sports scores. These materials may be changing with time in that they are scrolled 
across the monitor for reading purposes, so that the portion of them accessed by the user changes 
with time. 

[0035] If the material accessed is video material, whether collected into a video library and 
previously stored in a video server, or accessed from another location on the Internet, the video 
material may have been previously broadcast, and each video may have associated therewith 
closed captions which contain text that accompanies the video. The closed caption material may 
include the text of dialogue, or spoken words that accompany the video and constitute the audio 
track. 

[0036] Included in the system is a technique that may be used to indicate when a portion of 
the temporal document in which there is interest has been reached. That a portion of the 
temporal document as to which additional, related material is desired has been reached, is 
indicated by means of a particular, preselected response being made after the portion of the 
document is displayed to the user. In one embodiment, a mouse is clicked, while in other 
embodiments software which recognizes and responds to voice commands may be employed, a 
particular key (or any key) on a keyboard may be depressed, or a button on a joystick may be 



10 



Verizon Ref. No. 99-85 1CON2 

pressed. Other methods of providing a signal to a computer system, known to one of ordinary 
skill in the art, may also be utilized. 

[0037] Further included in the system is a technique which may be used, when a signal 
indicating interest in a portion of the document is given, to facilitate the determination of the 
portion of the temporal document in which the interest has been indicated, by utilizing the time at 
which the signal indicating interest has been given. 

[0038] It is understood that a user may not be able to instantaneously think about the 
changing material that is being presented, make a decision that he is interested, and give the 
required signal. Moreover, it is understood that while the user sometimes may make a decision 
about interest based upon what appears or is heard at a particular instant, at other times the 
decision may be based upon a sequence of material presented over a period of time, rather than 
based upon the material at a particular instant. 

[0039] For these reasons, the technique used in the system does not treat the content of the 
temporal document at the instant the signal is given as that portion of the temporal document in 
which there is interest, and therefore as a basis for finding related material. Rather, it is assumed 
that there is a delay between the material of interest first being presented to the user, and the 
indication of interest, and it is further assumed that the user is interested in material which 
extends over a period of time. In particular, it is assumed that the interest of the user in the 
content of the temporal document may be expressed as a function W(t) of the time t prior to the 
signal indicating interest being given. 

[0040] In one embodiment of the system, it is assumed that there are characteristic fixed 
delay times ti and t2, such that the interest of the user in the content of the temporal document 
begins at time t2 before the indication of interest and ends at time ti before the indication of 
interest, and is equal between times ti and t 2 . A diagram of the interest as a function of time JV(t) 
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in this embodiment is shown in Figure 2. While other values of ti and t 2 may be used without 
departing from the spirit and scope of the invention, in this embodiment ti = 2 seconds and t 2 = 
30 seconds. 

[0041] In another embodiment, it is recognized that a more realistic model may assume more 
gradual and probabilistic decisionmaking and responses. In this embodiment, rather than 
assuming that there is no interest in any content from after the time ti, it is assumed that there is 
some but lesser interest in material between the time ti and the time at which the interest is 
expressed, and that the interest decreases from the time ti to the time at which the interest is 
expressed, In this embodiment, it is further assumed that there is some interest in content from 
earlier than time t 2 , starting at a time t 3 , and that the interest increases from the time t 3 to the time 
t 2 . In this embodiment, it is further assumed that the interest may vary between times t 2 and ti. A 
diagram of the interest as a function of time W(X) in this embodiment is shown in Figure 3. 
While other values oft], t 2 and t 3 may be used without departing from the spirit and scope of the 
invention, in this embodiment ti = 2 seconds, t 2 = 15 seconds, and t 3 = 30 seconds. 

[0042] In yet another embodiment, for simplicity it is assumed that the interest in the content 
is equal between times ti and t 2 , and it is assumed that the interest in content decreases linearly 
from the time ti to the time at which the interest is expressed. In this embodiment, it is further 
assumed that the interest in content increases linearly from the time t 3 to the time t 2 . A diagram 
of the interest as a function of time W(t) in this embodiment is shown in Figure 4. While other 
values of ti, t 2 and t 3 may be used without departing from the spirit and scope of the invention, in 
this embodiment ti = 2 seconds, t 2 =15 seconds, and t 3 = 30 seconds. 

[0043] In another embodiment of the system described herein, a discrete two stage 
exponential function is used to model the interest in content as a function of time, for the time 
period prior to at which the interest is expressed: 
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t 

Pti.iiW = J (1 - exp(-t,)) * exp (4, k) * (1 - exp(-t 2 )) * exp (-t 2 (t-k)) 
k=0 

[0044] While other values of ti and t 2 may be used without departing from the spirit and 
scope of the invention, in this embodiment ti = .0001 and t 2 = .00025, where time is expressed in 
milliseconds. A diagram of the interest as a function of time W{\) in this embodiment is shown 
in Figure 5, where time is expressed in seconds. 

[0045] In the system described herein, the determination of what material may be related to 
the portion of the temporal document in which the user has indicated an interest may be made by 
using text associated with that portion of the temporal document which has been identified by 
means of applying the above aspect of the system. 

[0046] The text to be utilized may be obtained in a number of ways. If the temporal 
document itself comprises text, such as breaking news bulletins displayed visually on a portion of 
the computer monitor, a portion of the text that is associated with the portion of the temporal 
document which has been identified may be utilized. If the content includes symbols, such as 
stock prices displayed using abbreviations to identify the company, a portion of the symbols that 
is associated with the portion of the temporal document which has been identified may be 
converted to text, and the text utilized. 

[0047] If the temporal document is a video or audio program, a number of different 
techniques may be utilized to obtain relevant text. In one embodiment, text which results from 
the application of speech recognition software to the portion of the audio program which has 
been identified, or the audio component of the portion of the video program which has been 
identified, may be used. Speech recognition software of a kind familiar to one of ordinary skill 
in the art may be used. 
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[0048] In another embodiment, relevant text may be obtained by use of the closed caption 
information which is associated with the portion of the video programming which has been 
identified. If this is done, and the original video material was analog, the closed caption text may 
be extracted from the analog video by use of a commercially available closed caption decoder 
that will be familiar to one of ordinary skill in the art such as that available from Link 
Electronics. 

[0049] In the system described herein, if a collection of temporal documents is previously 
prepared by the system and placed in a video library to be made available through a video server 
maintained in connection with the system, when the temporal documents are placed in the video 
library a table is created and stored for each temporal document which contains each term 
contained in the text of the document, in the order in which the terms occur in the text 
temporally, and associated and stored in the table with each term is the time / at which the term 
occurs in the temporal document. 

[0050] If a temporal document utilizes the Synchronized Multimedia Integration Language 
(SMIL) standard for delivery of synchronized temporal media, the existing synchronization 
information in the document may be utilized to extract the times at which the terms occur. The 
method of doing so will be apparent to one of ordinary skill in the art. (SMIL is defined using 
the XML standard and allows the layout of temporal media to be specified, as well as the 
synchronization of multiple temporal media streams. SMIL provides synchronization elements 
whereby begin and end times as well as durations and synchronization points can be specified for 
multiple media streams. The use of the SMIL synchronization information allows the content of 
one stream, such as closed caption text, that occurs contemporaneously with the content of 
another stream, such as video, to be extracted. The SMIL 1.0 specification may be found at 
www.w3.org/TR/1998/REC-smil-19980615) 
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[0051] If the temporal document uses a synchronization method other than SMIL for its 
multimedia content, the synchronization information generated by that method may be used to 
extract the times at which the terms in the closed caption text occur. 

[0052] If the original temporal document was video which was obtained in analog form, and 
it is desired to utilize the closed caption, a commercially-available closed caption decoder of a 
type familiar to one of ordinary skill in the art, such as that available from Link Electronics, may 
be used. 

[0053] The text associated with the portion of the temporal document which has been 
identified is used to locate other material that may be related to that portion of the temporal 
document in which interest has been indicated. This is done by using the associated text as a 
basis for a search query on a database of documents located on the Web. The documents in the 
database include but need not be limited to Web pages or sites. 

[0054] In order to improve the relevance of the material thus selected, a term in the text 
which occurs at a time t relative to the time at which the interest has been indicated is weighted 
in the search query by the function W{i). 

[0055] Depending upon the form of the function W(t), and other considerations which will be 
apparent to one of ordinary skill in the art, in order to reduce the time required to apply the search 
query it may be determined to include only times t for which the function W(t) is greater than a 
predetermined quantity, or only times t within a specified time prior to the indication of interest. 
In one embodiment, where the function W(t) is a discrete two stage exponential function in 
which time is expressed in milliseconds, and ti = .0001 and t 2 = .00025, only times t within 30 
seconds (30,000 milliseconds) before the indication of interest are included in the analysis. 
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[0056] In this embodiment, if the temporal document involved is one which previously has 
been placed in a video library and made available through a video server maintained in 
connection with the system, the terms to be included in the search query are selected by 
consulting the table for the temporal document which contains all terms in the text associated 
with the document, and the times at which the terms occur, and choosing all terms which occur 
within the 30 seconds before the indication of interest. 

[0057] While other search query methods known to persons of ordinary skill in the art may 
be utilized to find relevant material, in the preferred embodiment Robertson's term frequency 
score is employed. 

[0058] In this embodiment, the search query is run on the collection of documents from 
which the relevant material is to be drawn, and a document D in the collection is given a score as 
follows: 



where: N T d is the number of times the term T occurs in document D, 
L D is the length of document D, 

Lo is the average length of a document in the collection of documents indexed, and 
Ki and K 2 are constants. (Ki typically may be assigned a value of 0.5, and K 2 1 .5, but 

these values may be varied without departing from the spirit and scope of the invention.) 

and IDF T = log ((N+K 3 )/N T )/ logCN + IQ) 

where: 

N is the number of documents in the collection, 




terms T 



where: 



Sd is the total score for a document D, 

W(t) is the weight assigned to term T which occurs at time t 

TFtd = Robertson's term frequency for Term T in Document D 



= Ntd/(Ntd + K 1 +K 2 *(L d /L 0 )), 
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N T is the number of documents containing the term T in the collection, 
K3 and K4 are constants. (K3 typically may be assigned a value of 0.5, and K4 1 .0, but 
these values may be varied without departing from the spirit and scope of the invention.) 

[0059] This particular formula is by no means the only formula that may be used to analyze 
documents for relevance. Other formulae will be apparent to one of ordinary skill in the art. For 
example, the weight to be assigned to a term in the search query may be adjusted depending on 
whether, and how frequently, in relative or absolute terms, the term occurs in the portion of the 
temporal document which falls outside the time boundaries used for determining whether a term 
is to be included in the search query. 

[0060] Documents are then ranked in order of their scores S D , and the highest-ranking 
documents are returned to the user as relevant to the portion of the temporal document in which 
he has expressed an interest. (While any number of documents may be returned, in the one 
embodiment 1000 is the maximum number that will be returned.) 

[0061] The search may be carried out by the same server which has received the signal from 
the user, selected the text which is to be utilized in the query, and determined the weights to be 
assigned to each term in the text by reason of its temporal relationship to the signal of interest. In 
one embodiment, however, the query is processed by an IR server, while the other functions — 
receipt of the signal of interest, determination of the text to be the query, and temporal weighting 
of the text — are carried out by a separate QSE (query string extractor) server. 

[0062] The documents in the collection which is utilized as the basis for the processing of the 
query may be selected for inclusion in the collection by any one of a number of methods that will 
be familiar to one of ordinary skill in the art. For example, the documents may be selected by a 
processing of automatically spidering the Web and indexing pages and sites thus located and 
determined to meet predetermined criteria. Techniques for developing programs to spider the 
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Web will be known to one of ordinary skill in the art, and are described for example in Web 
Client Programming in PERL, Clinton Wong, O'Reilly and Assoc., 1997. For example, only 
sites that relate to specific subjects, such as electronic commerce, may be selected for inclusion 
in the collection, or only sites judged suitable for access by children of a certain age range. The 
documents included in the collection could include (or could be limited to) other video or audio 
materials, and/or text. 

[0063] In processing the query, it is useful to take advantage of certain other aspects of the 
system to make the search quicker and more efficient. These aspects respond to problems which 
arise out of the fact that many common schema for the retrieval of Web documents of interest 
(including but not limited to Web pages or sites) rely upon the use of inverted term lists to 
maintain information about the use of various terms in the documents, but do not maintain 
information about the documents themselves, other than through the inverted term lists. 

[0064] In order to understand these aspects, it is appropriate first to describe the structure of a 
conventional inverted term list, and its relationship to the underlying collection of documents 
about which it contains information. Figure 6 illustrates one possible conventional relationship 
between underlying documents in a document collection, such as, but not limited to, the Web or 
a portion thereof, and associated inverted term lists which may be used to facilitate the retrieval 
of desired documents from the collection. Either Web sites or Web pages may be treated as 
documents. 

[0065] In constructing inverted term lists, it is useful to decide what terms should be 
included. It may be determined to store information with respect to all terms which occur in 
documents in a collection, or it may be determined to exclude common words such as "the" and 
"and," or it may be decided to store information only about certain specified terms, such as those 
which may occur in a particular field such as a scientific or technical discipline. (A term may 
be a word, a number, an acronym, an abbreviation, a sequential collection of the above, or any 
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other collection of numerals, letters and/or symbols in a fixed order which may be found in the 
documents in the collection to be searched.) In general, terms that are considered to be useful for 
purposes of retrieving documents may be selected. 

[0066] An inverted term list may be created for each term of interest that is found to occur in 
any of the documents in the collection. In the example illustrated in Figure 6, inverted term lists 
835, 840, 845 identify, by means of providing a unique document identifier number, every 
document from the collection in which corresponding terms 836, 841, 846 occur, and state how 
many times each of the terms 836, 841, 846 occurs in the document. Thus, in Figure 6 the 
inverted term list 835 corresponding to the term 836 states how often the term 836 occurs in each 
of the documents 805, 815, 825 in the collection. In this example, the inverted term list 835 for 
the term 836 contains an entry for the unique document identifier number of the first document, 
"1", and states that the term 836 occurs twice in Document 1 805, then an entry for the unique 
document identifier number, "2", of the second document, and a statement that the term 836 
occurs once in Document 2 815, then an entry for the unique document identifier number, "3", of 
the third document, and a statement that the term 836 occurs twice in Document 3 825, and so 
on. It will be appreciated by one of ordinary skill in the art that inverted term lists may also 
contain other information as well, as will be discussed below. 

[0067] Inverted term lists may be stored as linked lists, or they may be fixed arrays. Other 
equivalents will be apparent to those of ordinary skill in the art. 

[0068] Lookup tables may be created in connection with inverted term lists. One lookup 
table which may be created may provide the locations in the document collection of the 
documents whose contents have been indexed in the inverted term lists; in the case of Web pages 
or sites, the URLs of the pages or sites may be provided. An example of such a lookup table 100 
is shown in the upper portion of Figure 7. The document URLs may be stored in the lookup 
table in the order of the unique document identifier numbers of the documents. Then, if the 
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inverted term lists include the document identifier numbers of the documents having the term in 
question, and the lookup table is maintained as a fixed array, the location in the lookup table 
array of an actual document URL may be determined directly from the document identifier 
number. 

[0069] If such a lookup table is not created, inverted term lists may contain the locations in 
the document collection, such as the URLs, of the documents which contain the term in question. 

[0070] Another lookup table may provide information about the terms for use when searches 
for relevant documents are done using the inverted term lists. An example of such a lookup table 
102 is shown in the lower portion of Figure 7. For each term, this lookup table may contain the 
English (or other natural language) term itself, the address of the inverted term list for the term, 
and other information which may be of use in using the inverted term lists to rank documents for 
relevance, such as, but not limited to, the number of documents in the collection in which the 
term occurs, the number of times the term occurs in documents in the collection, and the 
maximum term frequency score for the term in any one document in the collection. 

[0071] The term frequency scores for the term may be calculated based on any one of a 
number of formulae which will be familiar to one of ordinary skill in the art, such as but not 
limited to Robertson's term frequency formula: 

TFto = Ntd/(Nto + Ki+K2*(Ld/Lo)), 
where N TD , L D , Lo, Ki and K 2 have the values set forth above. 

[0072] The terms may be stored in this lookup table in any order, such as alphabetical order. 
For ease of reference they may be stored in the numerical order of unique term identification 
numbers assigned to each term. If this is done, and the lookup table is maintained as a fixed 
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array, the location of information about a term in the lookup table may be determined directly 
from the term identification number of the term. 

[0073] The inverted term lists also may contain the number of documents in the collection in 
which the term occurs, the number of times the term occurs in documents in the collection, 
and/or the maximum term frequency score for the term in any one document in the collection, if 
this information is not maintained in the lookup table which contains the address of the inverted 
term list for the term. The inverted term list for a term also may contain, not simply the number 
of times the term occurs in a particular document, but the location in the document at which the 
term occurs. 

[0074] A single inverted term list may be maintained for each term of interest. Alternatively, 
in order to permit more expeditious responses to search queries, two inverted term lists may be 
maintained for each term of interest. The first, or "top" inverted term list, may contain 
information about an arbitrary number of documents, such as 1000, which have the highest term 
frequency scores for the term. The second, or "remainder" inverted term list, may contain 
information about the occurrence of the term in the remaining documents. (If separate top and 
remainder inverted term lists are maintained, then a lookup table 102 which contains the 
maximum term frequency scores for terms may contain separate maximum term frequency scores 
for documents on the term's top inverted term list and for documents on the term's remainder 
inverted term list.) 

[0075] In the inverted term lists, information about documents may be stored in order of the 
term frequency score for the documents, so that the documents with the highest term frequency 
scores are placed at the top of the inverted term list. 

[0076] In order to facilitate execution of search queries using inverted term lists, a 
compressed document surrogate may be used for storing information about a document that is 
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part of a collection of documents of potential interest. This may be illustrated as applied to a case 
where the documents of interest are Web pages, but persons of ordinary skill in the art will 
recognize that it may equally be applied to collections of Web sites or of other varieties of 
computerized documents. 

[0077] As is the case in creating inverted term lists, it may be determined to store 
information with respect to all terms which occur in documents in a collection, or it may be 
determined to exclude common words such as "the" and "and," or it may be decided to store 
information only about certain specified terms, such as those which may occur in a particular 
field such as a scientific or technical discipline. If the compressed document surrogates are to be 
used in conjunction with inverted term lists, the same set of terms which the inverted term lists 
cover may be used in the compressed document surrogates. (Hereinafter, the set of terms about 
which it has been determined to store information are referred to as the "terms of interest.") 

[0078] If inverted term lists are not created for multiword terms, and the inverted term lists 
and compressed document surrogates do not maintain information about the location of terms in 
a document, but it is desired to be able to search for multiword terms, the compressed document 
surrogates may include multi-word terms which are omitted from inverted term lists. If this is 
done, a search for a multiword term may be performed by searching for each word in the term, 
and then consulting the compressed document surrogate of any document found to contain the 
individual words, to determine if the desired multiword term is in the document. 

[0079] A compressed document surrogate for a particular document comprises a table of 
desired information about all of the terms of interest which occur in the document, in a suitable 
order. This desired information may include the number of times the term occurs in the 
document, and/or the term frequency score for the occurrence of that term in that document, 
according to Robertson's term frequency formula or any other formula, and/or the location in the 
document (in absolute terms or relative to the prior occurrence) of each occurrence. (Other 
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relevant information may be added at the discretion of the user without departing from the spirit 
or scope of the invention.) Alternatively, a compressed document surrogate may simply indicate 
that a term occurs in the document, with no further information about specific occurrences or 
about the number of occurrences. A compressed document surrogate may provide the address of 
the inverted term list for each term of interest which occurs in the document, and/or the address 
of the location in the inverted term list of the entry for that document. Alternatively, a 
compressed document surrogate may provide the address of a location in a lookup table of a term 
of interest which occurs in the document, or information, such as a term identification number, 
from which the address of a location in a lookup table of the term may be determined. 

[0080] In the preferred embodiment of a compressed document surrogate illustrated in Figure 
8, it is determined to store information about all terms which occur in documents, other than 
specified common words. In this embodiment, it is further decided that a compressed document 
surrogate for a document shall identify each term of interest found in the document, and specify 
how many times the term occurs in the document, but shall provide no further information about 
the occurrence of terms in the document. 

[0081] In this embodiment, the term information in the document surrogates is stored in 
order of term identification number. Each term is assigned a unique integer identification 
number. (Term identification numbers are assigned to terms in the order in which the terms are 
first encountered in the course of constructing the table and associated inverted term lists, so that 
the first term found in the first document indexed is assigned the term identification number "1", 
and so on. Since terms are assigned unique term identification numbers, when a term already 
assigned a term identification number is encountered again, either in the same or in a subsequent 
document, no new term identification number is assigned to it.) Rather than storing the term 
identification numbers themselves, the differences from the previous term identification numbers 
are stored. For example, the following indicates that Term 1 appears 5 times, Term 10 appears 1 
time, and so forth: 
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(1,5) (10,1) (30,2) (50 5 3) (100,4). 

[0082] In the preferred embodiment, where the differences or offsets from the previous term 
identification numbers are stored, what is actually stored is: 

(1,5) (9,1) (20,2) (20,3) (50,4). 

[0083] By storing the differences instead of the term identification numbers, the numbers to 
be stored will be considerably smaller. This allows the surrogate to be compressed by using a 
variable length encoding of the integer values. The differences are encoded using Golomb 
coding. (Golomb, S. W. 1966. Run-length encodings. IEEE Transactions on Information Theory, 
vol. 12 no. 3 pp 339-401) 

[0084] The term counts are encoded in unary, i.e. the number 1 is encoded as 0, 2 is encoded 
as 10, 3 as 1 10 etc. Someone of ordinary skill in the art will recognize that other variable length 
encodings may also be used to encode these values. 

[0085] By compressing the differences and counts, the document surrogates can be stored in 
only 10% of the space required by the original text. Similarly, if one were to store the within 
document position in the surrogate, the difference from the previous position would be stored 
[0086] rather than the absolute position. (Thus, a term occurring in positions 1, 3, 5, and 10 
in a document will have this information stored as 1, 2, 2, 5.) As before, the smaller average 
sizes allow the information to be encoded in fewer bits, thereby saving space. 

[0087] Thus, in Figure 8, a surrogate 810 lists a term identification number , "1", of a first 
term, Term 1, used in a document 805, and the number of occurrences (two) of Term 1 in the 
document 805. The surrogate 810 then lists the difference between the term identification 
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number, "1" of the first term, and the term identification number "2" of a second term, Term 2, 
which occurs in the document 805, namely "1", and the number of occurrences (two) for Term 2 
in the document 805, reflecting that that term is present in the document 805. The surrogate 810 
then lists the difference between the term identification number, "2" of the second term, and the 
term identification number "3" of a third term, Term 3, which occurs in the document 805, 
namely "1", and the number of occurrences (one) for Term 3 in the document 805, reflecting that 
that term is present in the document 805. Note that the surrogate 810 only contains a single entry 
for Terms 1 and 2, even though the terms occur more than once in the underlying document 805. 
Similarly, a surrogate 820 for a second document 815 lists the term identification number, "1", 
of Term 1, and the number of occurrences (one) of Term 1 in the document 815, because Term 1 
is present in the Document 815, but the surrogate 820 does not list Term 2, because Term 2 is not 
present. The surrogate 820 then lists the difference between the term identification number, "3", 
of Term 3, and the term identification number of Term 1, "1", namely "2", and the number of 
occurrences of Term 3, because Term 3 is present, and so on. 

[0088] Terms may be stored in a surrogate in any suitable order, such as but not limited to 
alphabetical order. In the preferred embodiment described here, the terms are stored in order of 
term identification number. In the preferred embodiment, in order to conserve space, further 
information about terms is stored in a lookup table 102 of the type illustrated in the lower portion 
of Figure 7. The location in the lookup table of information concerning the term of interest may 
be determined from the term identification number, in that the term lookup table is a fixed array 
and terms are stored in the table in order of the term identification number. For each term, the 
term lookup table identifies the actual term and contains further information about the term, such 
as the location of an inverted term list for the term, the number of documents in the collection in 
which the term occurs, and the maximum term frequency scores for the term in any one 
document in the term's "top" inverted term list, and in any one document in the term's 
"remainder" inverted term list. 
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[0089] In the system described herein, compressed document surrogates may be utilized to 
reduce the time required to determine the score for a document with respect to a given search 
query. Conventionally, the score for a document, with respect to a given search query, is 
determined by searching the inverted term lists for all of the terms in the query. Because it is not 
known prior to beginning such a search which of the terms in the query is in the document, it is 
necessary to search the inverted term lists for all of the terms in the query to determine the score 
for a document. Finding whether a given document occurs in an inverted term list may be a 
relatively time-consuming process, if there are many terms in the query. 

[0090] Inverted term lists, however, may permit a document score to be determined more 
quickly by the use of the document's compressed document surrogate. Referring to Figure 9, a 
process 500 begins at a step 525 by examining a compressed document surrogate for a document 
to be scored with respect to a particular search query. A term in the search query which occurs in 
the document is identified by using the compressed document surrogate. Then, a step 530 
calculates the score resulting from the occurrence of the term in the document by consulting, if 
necessary, a lookup table and/or inverted term list for the term. Then, a step 540 determines 
whether any other terms in the search query, which are found in the compressed document 
surrogate, have not yet been analyzed. If all terms in the search query that are found in the 
compressed document surrogate have been analyzed, the process 500 is completed. Otherwise, 
the process 500 continues by returning to the step 525 to choose the next term in the search query 
which occurs in the document and has not yet been analyzed, and then doing the appropriate 
calculation and adjustment of score. 

[0091] In the preferred embodiment, at the step 530 it is not necessary to consult the inverted 
term list for the term, since the number of occurrences of the term in the document is known 
from the compressed document surrogate, and the remaining information necessary to calculate 
the document's score may be determined from the term lookup table by use of the term 
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identification number in the compressed document surrogate, without the need to refer to the 
inverted term list itself. 

[0092] A further aspect of the system described herein which takes advantage of compressed 
document surrogates to facilitate carrying out search queries to return documents related to the 
portion of the temporal document of interest to a user may now be described. 

[0093] The formula used for identifying documents which relate to the portion of the 
temporal document in which the user has expressed an interest is: 



terms T 

The terms in the formula are as defined above. 

[0094] This formula among others takes advantage of the fact that a "rare" term is a more 
powerful predictor of document utility than a common term, by giving greater weight in ranking 
documents to those that occur relatively less often in the collection. For example, if a user has 
indicated interest in a portion of a temporal document which includes the phrase "osteoporosis in 
women", the term "osteoporosis" alone, if it occurs in the document collection in fewer 
documents than the term "women," may be of more utility as a filter than the term "women." 
However, it may also be true that, among documents which refer to osteoporosis, those that also 
mention women are more likely to be useful than those that do not. Hence, the formula does not 
exclude the common term from the search process entirely. 

[0095] It is possible to reduce the time taken to apply the search query generated to identify 
N documents related to the portion of the temporal document in which the user has expressed an 
interest, by using compressed document surrogates. 
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[0096] Referring to Figure 10, shown is a flowchart of an embodiment of a method for using 
compressed document surrogates to apply a search query to identify documents related to the 
portion of the temporal document. A process 600 begins with a step 605 wherein it is determined 
to begin using top inverted term lists for the terms in the query. 

[0097] According to Figure 10, the process 600 iterates until a sufficient number of candidate 
documents for inclusion in the final ranking of N documents is generated. 

[0098] The iterative portion of the process 600 begins at a step 610 by choosing, from among 
those terms which are in the query, the most significant term whose top inverted term list has not 
yet been analyzed. Terms may be ranked in order of significance using any one of a number of 
measures which will be known to those of ordinary skill in the art. In the preferred embodiment 
discussed here, the ranking is done by using the quantity W(t)*IDFT > where W(t) is the 
weighting function for the term T which occurs at time t, and IDF T is the inverted document 
frequency for term T: 

IDF T = log((N+K 3 )/N T )/ log(N + K4) 

where: 

N is the number of documents in the collection, 

Nj is the document frequency of the term T in the collection, which is the number of 
documents containing the term T in the collection, 

K 3 and K4 are constants. (K 3 typically may be assigned a value of 0.5, and K4 1.0, but 
these values may be varied without departing from the spirit and scope of the invention.) 
[0099] This particular formula is by no means the only formula that may be used to select the 
order in which terms are analyzed. Other formulae will be apparent to one of ordinary skill in the 
art. 

[0100] At a step 615, a top inverted term list for that most significant not-yet-analyzed term 
is examined. In the embodiment illustrated herein, the top list contains one thousand documents, 
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but the number of documents may vary according to a variety of functional factors familiar to one 
of ordinary skill in the art, such as the total number of documents of potential interest. 

[0101] The process 600 then continues at a step 625 by calculating, for each document D on 
the top inverted term list for the term T, the score Std resulting from its containing the term, 
where: 

[0102] Std = W(t) * TF TD * IDF T , where W(t), IDF T and TF TD , Robertson's term frequency 
for Term T, are as set forth above. 

[0103] If a document D for which a score Sd, t has been calculated has not previously been 
found on an inverted term list in the process 600, the document is added to a list L of candidate, 
documents. If the document has been found on an inverted term list previously in the process 
600, the document's prior score is adjusted by adding Sd, t to the prior score. 

[0104] After this is done, the process 600 continues at a step 630 by calculating the 
maximum number of points that could be scored by a document not yet found to contain any 
analyzed term. (That is, a document that contains all of the desired terms not yet analyzed.) That 
maximum potential score Smex is the sum, over all the desired terms whose hit lists have not yet 
been analyzed: 



where: Ntd, Ld, Lo, and Ki and K2 have the values set forth above, and W(t) and IDFt have the 
value set forth above. 

[0105] At a next step 635, it is determined whether there are already N documents on the list 
L whose scores exceed Smjw > the maximum number of points that could be accrued by a 




where: TF Max = Robertson's maximum term frequency for Term T 
= MAX(Ntd/(Ntd + K,+K2*(Ld/U))), 
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document not found on any of the top inverted term lists yet analyzed. If there are N or more 
such documents, it is unnecessary to look for any further documents by searching the top inverted 
term lists of the (relatively less significant) terms not yet analyzed, and a next step 640 in the 
process 600 calculates a final score for all of the already- located documents on the list L, so that 
their rankings may be adjusted to account for the documents containing the less significant terms, 
and a final list of the top N documents may be prepared. 

[0106] At the step 640, in calculating the final scores for the candidate documents on the list 
L the process 600 may take advantage of that aspect of the system previously discussed which 
permits the score of a document to be determined by use of its compressed document surrogate. 
The process then concludes at a step 645 by ranking the documents on the list L according to the 
scores of the documents, and returning as its result the N documents which have the highest 
scores, ranked in order of the scores. 

[0107] If it is determined at the step 635 that there are not N documents already found whose 
scores exceed the scores that could be achieved by not-yet-located documents, then the process 
continues at a step 650 to determine if there are any terms in the search query whose top inverted 
term lists have not yet been analyzed. 

[0108] If the process 600 determines at the step 650 that not all terms have had their top 
inverted term lists analyzed, then the process 600 continues by returning to the step 61 1 to begin 
analyzing the most significant term not yet analyzed. 

[0109] If all terms in the search query have had their top inverted term lists analyzed, then the 
process 600 proceeds to a step 655. When the process 600 reaches the step 655 after processing 
top inverted term lists, it is concluded that remainder inverted term lists have not yet been 
analyzed, and the process 600 proceeds to a step 660. (The path the process 600 will follow 
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when the step 655 is reached after the remainder inverted term lists have been analyzed will be 
discussed below.) 

[01 10] In the process 600 at the step 660 it is concluded that remainder inverted term lists 
will now be processed, and control passes to the step 610. 

[01 11] At the step 610, the iterative process of considering the most significant term whose 
inverted term list has not yet been analyzed begins again, this time considering the remainder 
inverted term lists. The process 600 cycles through the remainder inverted term lists at steps 
615, 625 adding documents to the list L, and increasing the scores of the documents already on 
the list L, as documents are found on the remainder inverted term lists. As before, after each 
inverted term list is processed at the step 630 a new SMax is determined. In doing this for the 
remainder term lists, the maximum term frequency scores again may be determined in the 
preferred embodiment from the lookup table, but they are not the same maximum term frequency 
scores as were used for the top inverted term lists. Instead, the lookup table maintains a list of 
maximum term frequency scores for terms, for documents found in the remainder lists for the 
terms. 

[0112] At the step 635 it is determined whether further inverted term lists need to be 
processed, or whether a sufficient number of documents have been found with sufficiently high 
scores that no further lists need be searched. 

[01 13] If it is concluded that a sufficient number of documents with sufficiently high scores 
as described above have been located, then from the step 635 control passes to the step 640, and 
as described above final scores are calculated, and a final list of N documents with the highest 
scores is returned, ranked in order of score. 
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[0114] However, if the process 600 proceeds to complete the iterations through all of the 
remainder inverted term lists without generating a sufficient number of documents with 
sufficiently high scores, then after the step 635 control passes through the step 650, where it is 
determined that there are no terms left whose remainder inverted term lists have not yet been 
processed, to the step 655, where it is determined that because the remainder term lists have been 
processed, control is to pass to the step 640 to begin the final processing. If the step 640 is 
reached after the remainder inverted term lists have all been processed, the final scores of the 
documents on the list L are calculated, and control passes to the step 645 to rank the documents 
that have been located in order, except that the process returns fewer than N documents. 

[01 15] A further aspect relates to resolving the potential capacity problem which may occur 
when multimedia material such as video is communicated in a digital fashion. 

[0116] Conventional synchronous multimedia documents (i.e., temporal documents which 
contain two media types such as video and text) contain all the synchronization information hard- 
coded in the document. For example, the text that would scroll in conjunction with a certain 
video frame or set of frames is predetermined and hard-coded into the multimedia document. 
When the document is transmitted for viewing, the server ensures that the text data is transmitted 
at the appropriate time with the related video frames, and the network carries both components of 
the document — video and text — to the user. 

[01 17] This conventional approach to encoding and providing synchronization information 
requires that the server send all this material to the user. This increases the load on the server 
and on the network, thus reducing the number of users who may be serviced at a given time. 
While this is appropriate if the user is taking advantage of the synchronized information, such as 
the text which would accompany the video, it is unnecessary if the client uses the information in 
the synchronized document only sparingly or not at all. 
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[0118] One aspect of the system described herein reduces the load on the video server and 
network by not creating and transmitting the synchronized document to the user from the video 
server on which the video is stored unless the user requires it. Instead, only the video material is 
sent to the user. 

[0119] In this aspect, it is recognized that, although a search query may be run at any time 
when a temporal multimedia document such as a video is being transmitted and viewed, and 
although that search query will utilize the close caption text associated with the video, it is not 
necessary to create a synchronized document containing all of the close caption text. Rather, a 
table may be created containing the text that is in the closed caption, and the associated times at 
which the text occurs in the video, that table may be stored, and that table may be utilized to 
create the query when appropriate. 

[0120] Another aspect of the system described herein permits the use of the system with 
"live" material which is supplied to a user immediately as it is occurring, or with material which 
the user obtains elsewhere on the Internet which has not been previously prepared by the system 
and placed in a video library to be made available through a video server maintained in 
connection with the system. In this aspect, no pre-stored table can be used to provide the text 
which corresponds to the portion of the temporal document in which the user has indicated an 
interest, because the material is being supplied to the user as it is created or obtained from 
elsewhere on the Internet. 

[0121] The user may be permitted to select the "live" material in any one of a number of 
ways which will be known to one of ordinary skill in the art. In one embodiment, the user may 
be given a list of "live" documents which are available, and permitted to choose one, by clicking 
on it or indicating his interest in any one of a number of alternative ways which will be known to 
one of ordinary skill in the art.. Alternatively, the user may be invited to search by using search 
engine or search query techniques such as will be familiar to one of ordinary skill in the art. Still 
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other methods to permit the user to choose a document will be known to one of ordinary skill in 
the art. The user then may view (or listen to) the temporal document chosen through his work 
station 2 connected to the Internet 5. 

[0122] In other embodiments, the user may be permitted to obtain material from elsewhere 
on the Internet which has not been previously prepared by the system and placed in a video 
library to be made available through a video server maintained in connection with the system. In 
one of these embodiments, the user may be permitted to employ a search engine which is 
maintained as part of the system to find and retrieve a document to the system. The search 
engine employed may be any one of a number of a type which will be familiar to one of ordinary 
skill in the art. The user then may view (or listen to) the temporal document chosen through his 
work station 2 connected to the Internet 5. 

[0123] In this aspect, the text associated with the portion of the temporal document in which 
interest has been indicated is obtained by the system as the document is accessed by the user. For 
example, in the embodiment where the temporal document is video, and close caption 
information is used as the source of the text, as the video is supplied to the user the closed 
caption text is stored in a buffer. 

[0124] According to one method of implementation, the buffer size may be fixed, at a size 
sufficient to permit the storage of as many terms as may occur within the maximum length of 
time for which information must be retained in order to permit a query to be constructed when 
interest is indicated by a user. For example, in the embodiment where it is assumed that only 
terms that occur within the 30 seconds prior to the indication of interest will be included in the 
search query, the buffer may be made large enough to contain sufficient storage positions to 
accommodate all terms which may occur in a 30 second interval. In one embodiment, a buffer 
size of 8 kilobytes is used. 
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[0125] In another embodiment, the buffer size may be varied as necessary so that there is 
always sufficient space in the buffer to store all of the terms which have occurred within the 
maximum length of time for which information must be retained in order to permit a query to be 
constructed when interest is indicated by a user. For example, in the embodiment where it is 
assumed that only terms that occur within the 30 seconds prior to the indication of interest will 
be included in the search query, the buffer size may be varied as necessary so that all terms which 
have occurred within the prior 30 second interval have been retained. 

[0126] As time progresses, the terms are stored sequentially in the buffer in the order in 
which they occur temporally, with each also having stored the time at which it occurred. When 
the last position in the buffer has been filled, the storage then cycles back to the first position in 
the buffer, and begins again sequentially, overwriting the terms previously stored in each 
position. This process is continued indefinitely, as long as the video lasts. At any time interest is 
expressed, it will always be possible to locate all terms required for the query in the buffer, since 
it takes 30 seconds or longer to make one complete storage cycle through the buffer. The terms 
of interest are determined by locating the terms whose associated time values are between the 
time the signal of interest occurred, and a time 30 seconds before that. The producer-consumer 
method as described in Jeffay, K., "The real-time producer/consumer paradigm: a paradigm for 
the construction of efficient, predictable real-time systems," Proceedings, 1993 ACM/SIGAPP 
Symposium on Applied Computing: States of the Art and Practice, pp. 796-804, may be used to 
prevent the storage of new information in a portion of the buffer whose content may be required 
for the generation of a query. 

[0127] In another embodiment, the temporal document may be obtained from another source 
on the Web. In this embodiment, the user may be permitted to employ a search engine on his 
work station 2 connected to the Internet 5 to retrieve and view (or listen to) the temporal 
document chosen. The search engine employed may be any one of a number of a type which will 
be familiar to one of ordinary skill in the art. The user then may view (or listen to) the temporal 
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document chosen through his work station 2 connected to the Internet 5. In this embodiment, a 
plug-in program on the user's workstation 2 may determine the location on the Internet 5 from 
which the material has been obtained, and may transmit that information through the Internet 5 to 
the QSE server so that the system may access the material. In this embodiment, the time t at 
which the indication of interest is given is transmitted from the plug-in program to the QSE 
server and the QSE server then may determine the weighting function W(t) and extract the 
relevant text for the search query, so that the material of interest to the user may be determined 
by the IR server. 

[0128] In another embodiment, the plug- in program may not transmit the location on the 
Internet 5 from which the material has been obtained, but instead may determine the portion of 
the text which is to form the search query and the weighting function W(t) itself using the system 
and may transmit the weighted search query to the IR server so that the IR server may determine 
the material of interest to the user. 

[0129] The techniques described herein have been described as applied to a temporal 
document that is supplied to a user from a server. It will be apparent to one of ordinary skill in 
the art, however, that the same method of analysis of text and use of information retrieval (IR) 
techniques to identify related material that is applied to such dynamic material can also be 
applied in other contexts. For example, if a user's own movement over time within and between 
programs and other material is treated as if it were itself a temporally-sequenced "program," 
context-sensitive help could be provided to a user who sought help, by analysis of the text which 
the user had visited over a prior predetermined sequence of time. 

[0130] While the invention has been disclosed in connection with the preferred embodiments 
shown and described in detail, various modifications and improvements thereon will become 
readily apparent to those skilled in the art. Accordingly, the spirit and scope of the present 
invention is to be limited only by the following claims. 
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